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Abstract 
Many courses have been proposed in an effort to train future science teachers to be pedagogic practitioners in integrating ICT 
into their laboratory teaching. In recent years, there has been increasing interest, both in the potential of ICT as teaching tool and 
in research into their use. This current research involves student teachers into practicum of microcomputer-based laboratory in 
physical science for lower secondary school level. The student teachers classified with attitudes towards computer technology 
and science laboratory into three different groups of attitude level were compared their perceptions at the end of the school 
science laboratory. Data from student responses to a Likert-scale perception questionnaire were collected and analyzed, providing 
insight into students' perceptions of their computerized laboratory experience. Results indicate that all the groups perceived 
indifferently the goal and the support of computerized science laboratory. The high attitude group perceived the ease of use,  self-
learning, and value greater than the medium and the low attitude groups, but the medium attitude group had the most satisfaction 
with the laboratory. These outcomes provide greater insight into which factors should be promote specifically in teaching 
different attitude levels of student teachers for reaching their success. 
 2012 Published by Elsevier Ltd. 
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1. Introduction 
In the fast changing world of the early 21st century, the practice of science education also is changing. 
Technologies have become commonplace in improving and advancing the practice of science education because of 
its potentials of bringing about change in ways of teaching practice and learning process. As part of the changes, the 
state-of-art in teaching science is progressing through a wide range of the integration of pedagogical and 
technological activities that these activities often do benefit from the application of computer technology 
(Srisawasdi, Kerdcharoen, and Suit, 2008). In a large area of science education, computer-based technologies play a 
major role to provide better meets the needs of science educators and broad benefits to them across the educational 
research community. Furthermore, the uses of computer technology hold great promise for school science education 
and there are seen as an increasingly high educational priority (Thomas, 2001). Computer has profound and lasting 
impacts in school classroom as being a powerful cognitive tool that can transform the way core subject is taught by 
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prepare and create a unique classroom environment for science teaching and learning, there is a requirement for 
comprehensively use of technology in order to develop proficiency in 21st century skills for student, support 
innovative teaching and learning, and create robust education support system for both students and educators (State 
Educational Directors Association et al., 2007). Computer technology with its extreme ability to interact with the 
user was determined to be supporter for inquiry activity in a number of ways by providing access to raw data and to 
multiple views and representations of science, virtual experimentation and manipulation of models, and on-line 
simulations of theoretical or unobservable phenomena (Zion, 2008). Microcomputer-based laboratory (MBL) is one 
of the most valuable contributions of computers to education, and it is the most frequently used tool in school 
science laboratory to collect physical data and to display them in a manner that can be manipulated, and the tool 
could eliminate the drudgery associated with data collection and display and encourages an inquiring approach to 
science. The MBL is determined as a teaching tool that have been used to transform the science classroom into a 
learning environment where students are engaged with its facilitation to actively construct deep understanding of 
science concepts and process of science through inquiry. By the way, implementation of digital technology such as 
MBL was suggested widely as a key to improving teaching and learning that they provide a challenge to make 
learning an interactive and collaborative experience (Quintana et al., 2004). 
To better prepare students for the science and technology of the 21st century, the current science education 
reforms ask science teachers to integrate technology and inquiry-based teaching into their instruction (Guzey and 
Roehrig, 2009). One of the key challenges to the professional development of science teachers is to help and 
enhance the integration of technological tools into science classroom teaching (Juuti et al., 2009). To promote the 
competency for 21st century science teachers, the epistemology of technological pedagogical content knowledge 
(TPACK) is currently considered as the essential qualities of knowledge for highly qualified teachers. Furthermore, 
nt (Kohler, Mishra, & Yahya, 
2007). 
2. Literature reviews 
2.1. Technological pedagogical content knowledge (TPCK) in teacher education 
knowledge of pedagogy that is applicable to the teaching of specific content, and it has been embraced as a 
theoretical basis for structuring ICT curriculum in teacher education programs (Angeli & Valanides, 2009; Chai et 
al., 2011; Jimoyiannis, 2010). The TPACK was firstly proposed by Mishra and Koehler (2006) to describe an 
integrated connection among content knowledge, pedagogical knowledge, and technological knowledge in order to 
aid the potential integration of ICT tools in classroom setting and school practices. Mishra and Koehler (2006) 
technology integration including: (1) content knowledge; (2) pedagogical knowledge; (3) technological knowledge; 
(4) pedagogical content knowledge; (5) technological content knowledge; (6) technological pedagogical knowledge; 
and (7) technological pedagogical content knowledge. TPACK may provide new directions for teacher educators in 
solving the problems associated with infusing ICT into classroom teaching practice and learning process (Chai et al., 
2011). Researches on teacher education reported that the TPACK model can be used as a potentially fruitful 
framework to prepare and develop teacher competencies in school teaching (Doering et al., 2009; Lee & Tsai, 2009; 
Voogt et al., 2009). 
2.2. Microcomputer-based laboratory (MBL) for science instruction 
Computer technologies are receiving increased attention from the science education community because of 
excitement about their potential to support new forms of science instruction and overcome the management 
difficulties normally associated with inquiry-based learning and constructivist teaching (Srisawasdi, 2008). MBL is 
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a combination of electronic sensors or probes, interface, and computer software which are used as a computerized 
data-logging tool in science laboratory. MBL is used as laboratory instruments in which the tool may be used to 
collect data on physical systems, manipulate and present scientific data by means of immediately converting the 
analog data into digital input, and concurrently transform the digital data to a graphical system through word-
processing, statistical or spreadsheet functions, which can later be manipulated and analyzed. Laboratory activities 
using MBL allow learners to build on experiences like those in their everyday interaction with the physical world, 
but also allow them to move away from misconceptions toward a deeper scientific understanding of these 
conceptual experiences (Good & Berger 1998; Lavonen, Juuti & Meisalo, 2003). Learners can also develop skills, 
e.g. graphing and graph interpretation skills, as well as inquiry, reasoning, critical thinking, social, and 
communicating skills (Lavonen, Juuti & Meisalo, 2003). 
2.3. Open-inquiry science learning 
Corresponding with this human endeavor in science, scientific inquiry plays a vital part in the growth of science 
advancement and is also regarded as a critical instructional strategy in efforts to reform science education. 
Contemporary reforms in science education have recommended using scientific inquiry as a context for learning 
science to develop scientific literacy and thinking skills (American Association for the Advancement of Science, 
1993; National Research Council, 2000). In recent years, more and more evidence indicates that structured inquiry, 
highly structured laboratory practices that provide questions, theory, experimental and analytical procedures, is not 
sufficient in developing scientific thinking (Zion & Sadeh, 2007). This type of investigation produces a robotic style 
of thinking that is less effective than teaching deductive reasoning, detailed in-depth thought processes, and logic 
(Srisawasdi, 2009). According to the evidence, engaging learners into more flexible of scientific inquiry through 
conducting laboratory experiment is more emphasizing in recent science education. Therefore, science teachers who 
have a critical role in implementing inquiry-based learning, especially in case of open-ended inquiry, need to    
know and practice to build up increasingly open-inquiry science learning process for students. Recently, the 
meaning of open inquiry is quite not clear yet and inquiry practitioners are still discussing about its 
characterizations. Buck, Bretz, and Towns (2008) described open inquiry in a way that can be used by both 
secondary school practitioners and university researchers as an investigation where instructor provides the inquiry 
question or problem and basic background, but the remaining characteristics are left open to the student, in where 
learners have to develop their own procedure, analysis, communication, and conclusions to address an instructor 
provided question. 
3. Methods 
3.1. Study participants 
The participants for this study included 26 second year student teachers in Science Education Program at Faculty of 
Education, Khon Kaen University, Thailand, and they were 14 physics and 12 general science majors. They were 
attending in a major course of Computerized Laboratory Practice in Science Teaching during the first semester of 
academic year 2010 and they were invited to participate in this present study. The participants were aged 
approximately 20 years old, and about 50% (13 of 26) were women. They were classified into three different groups 
of attitude level by assessing attitudes towards computer technology and science laboratory, including eight 
members of Hi-At 
high, 12 members of Med-At uter technology or science 
laboratory was high, and six members of Lo-At 
and science laboratory were low. All of them did have satisfactory basic computer skills, but nobody had any 
experience and enrolled course with using computer for science laboratory experiment and classroom teaching 
before. 
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3.2. The MBL experiments 
To provide scientific learning experience of computerized laboratory practice for the student teachers, a 
experiment tivity sessions used MBL to cover basic science concepts. The set experiments consisted of 3 
three-hour weekly practice and it included three physical science MBL activities. Table 1 presents the MBL 
experiments and its details of technology, pedagogy, and content used, which used for their laboratory experience. 
 
Tabl  
 
No. of lab Title Content used Pedagogy used Technology used Lab. Setting 
Lab.1 Air resistance of falling objects Air resistance Open-inquiry MBL 
 
Lab.2 Heat of fusion for ice Melting and freezing Open-inquiry MBL 
 
Lab.3 Photosynthesis and respiration Plant respiration Open-inquiry MBL 
 
 
The student teachers of each group worked cooperatively in dyad, and there are four dyads of Lo-At, six dyads of 
Med-At and three dyads of Hi-At. Each pair subsequently participated in all experiments as a cycle in a laboratory 
setting. According to the participation, the Lo-At group started working on their laboratory practice with air 
resistance of falling objects lab. For the Med-At and Hi-At group, they started working on their laboratory practice 
with heat of fusion lab and photosynthesis and respiration lab, respectively. Figure 1 displays a cycle of participation 
in laboratory activities for each group.  
 
 
 
Figure 1. A cycle of experimental practice for student teachers 
 
The beginning lab for Lo-At 
group (dyad 1- dyad 4) 
The beginning lab for Med-At 
group (dyad 5- dyad 10) 
The beginning lab for Hi-At 
group (dyad 11- dyad 13) 
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All of these experiments encouraged them to create their own experiment with MBL tool in the practical way of 
open-inquiry science. By the way, an open-ended inquiry question was presented to them for encouraging their 
inquiry habit of mind, and also some basic scientific background was provided to activate their prior knowledge and 
create a connection of a new-coming experience. Then, they have to make their own decision in a dyad for 
identifying variables, formulate a testable hypothesis, and also design of experiment and conduct the experiment to 
test the hypothesis. During this investigative work, they were given autonomy in how the investigation is carried out 
and guidance from the researcher as they needed. Experimental data were obtained from their performed experiment 
and replication was suggested in their experiment to reduce the risks of drawing inaccurate conclusions. Data were 
analyzed statistically in order to summarize their experimental data into an answer and then the data and the answer 
were presented in classroom. Figure 2 displays a combination of open-inquiry components and MBL inquiry 
activities.          
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Figure 2. A matrix of open-inquiry science learning with computer-based laboratory environement 
3.3. Data collection 
For investigating perception towards the experience of computerized laboratory practice in science teaching of 
the participants in this study, the participants were asked to respond to a 20-item survey instrument at the end of the 
set experiments. The instrument was a Likert-type scale containing items that present perceptual statement of goal (1 
item), self-learning (2 items), ease of use (3 items), satisfaction (5 items), support (3 items), and value (6 items). 
perception using a five-point-
 Table 2 presents example statement of item on the survey instrument. 
 
Table 2. Scale description and sample item of the survey instrument  
 
Scale dimension Dimension explanation Example of a dimension item 
Goal Extent to what teacher want student to learn in 
computerized laboratory environments  
I knew the goals of the laboratories. 
Self learning Extent to which student performed the computerized 
laboratory environments themselves 
I could arrange the laboratories by myself. 
Ease of use Extent to which students prefer that computerized 
laboratory environments are easy-to-use for learning 
I did not have trouble with the hardware in the laboratories. 
Satisfaction Extent to which computerized laboratory environments  
respond to their needs and expectations contributes to 
learning science 
The laboratories were interesting to me. 
Support Extent to which computerized laboratory environments 
can foster a culture of science learning via practice of 
experiment 
The laboratories works proceeded in a pleasant working 
atmosphere. 
Value Extent to which computerized laboratory experience 
enhances scientific knowledge, skills, and attitude  
I prefer laboratories using computers for school science 
classroom. 
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3.4. Data analysis 
their responses to the 20-item survey instrument were scored and the scores was analyzed and described 
quantitatively. The arithmetic mean and standard deviation were used to score their responses. 
4. Results 
Table 3 reports the mean and standard deviation of student teac tion scores by their attitude level. The 
statistical analyses of the data suggest that there are some differences between the perception scores for student 
teachers each group.  
           
Table 3. The mean and standard deviation scores of student teachers  
 
Group Perceptual characteristics Goal Self-learning Ease of use Satisfaction Support Value 
Lo-At 3.86 (0.38)  2.86 (1.41) 3.14 (0.99) 3.94 (0.58) 3.52 (0.33) 4.07 (0.20) 
Med-At 3.83 (0.39)  2.96 (1.24) 3.36 (0.70) 4.18 (0.20) 3.50 (0.22) 4.25 (0.12) 
Hi-At 3.83 (0.41)  3.00 (1.41) 3.67 (0.50) 4.07 (0.65) 3.50 (0.44) 4.39 (0.14) 
             
A graphical representation of the Table 3 is provided in Figure 3, which allows us to see some difference of 
perceptions for the student teachers. 
 
 
 
Figure 3. Mean difference in perceptual characteristics scores by attitude level 
 
In a summative evaluation, the highest mean scores of Lo-At and Met-At st  
Value, Satisfaction, Goal, Support, Ease of use, and Self learning, respectively. For Hi-At student teachers group, 
their perception mean scores in order from the highest to lowest scores were Value, Satisfaction, Goal, Ease of use, 
Support, and Self learning. As the result, the first two highest mean scores were Value and Satisfaction and the 
lowest mean scores were Self learning for all groups.     
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5. Discussions/Implications 
The present study of teaching 
aligned with TPACK framework differed by attitude level had three important findings. First, science student 
teachers in Lo-At, Med-At, and Hi-At groups almost scored equally in perceptual characteristics of Goal and 
Support for the computerized laboratory environment for science teaching. Second, perception scores of Self 
learning, Ease of use, and Value were different in the three groups of the student teachers and the highest score of 
Self learning, Ease of use, and Value was achieved by Hi-At, Med-At, and Lo-At group respectively. Third, the 
Med-At student teacher group showed higher Satisfaction score than Hi-At and Lo-At student teachers groups. 
The finding that Lo-At, Med-At, and Hi-At student teachers showed the almost equal scoring of Goal (extent to 
what teacher want student to learn in computerized laboratory environments) and Support (extent to which 
computerized laboratory environments can foster a culture of science learning via practice of experiment) impliedly 
suggests that the difference of attitudes toward computer technology and science laboratory have no effect on the 
. This finding reinforces the claim made by Thornton (1987) that 
MBL tools are usable by the novice and it seem especially effective for the under prepared learner. Voogt, Tilya, 
and Akker (2009) also reported that teachers who have different background can relatively well utilize MBL in 
facilitating collaborative learning. This may be one reason that they know the goal and the supports of the 
computerized laboratory experiments for their student learning. 
In contrast with the aforementioned finding, another finding indicates Self learning (extent to which student 
performed the computerized laboratory environments themselves) , Ease of use (extent to which students prefer that 
computerized laboratory environments are easy-to-use for learning) , Satisfaction (extent to which computerized 
laboratory environments respond to their needs and expectations contributes to learning science), and Value (extent 
to which computerized laboratory experience enhances scientific knowledge, skills, and attitude) on computerized 
laboratory environment for teaching science were perceived differently by level of attitudes toward computer 
technology and science laboratory. The Hi-At and Lo-At student teachers groups were the highest and lowest 
achiever, respectively, about the perceived characteristics of Self learning, Ease of use, Satisfaction, and Value. This 
could be supported by findings of Voogt, Tilya, and Akker (2009) that perceptions towards using MBL for science 
learning of teachers who have different background were different in order to the different ways of practice of 
utilizing MBL for science learning. This may be a side effect of different perceptions towards computerized 
laboratory environment.             
Finally, Med-At student teachers showed higher perception of Satisfaction (extent to which computerized 
laboratory environments respond to their needs and expectations contributes to learning science) than both Hi-At 
and Lo-At student teachers. Support for the results was reported by Jimoyiannis & Komis (2007) that teachers 
exhibited increased motivational and willingness to adopt ICT in education after they were exposed to ICT. This 
could be argued that the computerized laboratory environment in science teaching is more acceptable and challenge 
for Med-At student teachers than others.     
This study could offer teacher educators with new insight into how to prepare or train student teachers and pre-
service teachers to deliver instruction in the context of using computerized laboratory environment for enhancing 
science learning process. It demonstrated that computerized laboratory practice in science teaching was perceived 
both similarly and differently for student teachers who have different level of attitude towards computer technology 
and science laboratory. To better serve the needs of high quality science teacher for the 21st century, thus, the 
teacher educators should design a teacher preparation program and 
activities that emphasize to develop their perception, especially the manner which student performed the 
computerized laboratory environments themselves (Self learning), the manner which students prefer that 
computerized laboratory environments are easy-to-use for learning (Ease of use), the manner which computerized 
laboratory environments respond to their needs and expectations contributes to learning science (Satisfaction), the 
manner which computerized laboratory experience enhances scientific knowledge, skills, and attitude (Value), and 
comprehension of using computerized laboratory environment for science learning. Student teachers should be given 
the opportunities to practice teaching with computerized laboratory environment in all teacher education courses and 
filed experiences. Another, the study also illustrated that the competency of TPACK could be particularly 
considered as a core attributes for preparing and training future science teachers. 
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